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的 Suzuki-Miyaura 偶联反应条件。在催化剂的选择方面，发现不论是 Pd(0)还是
Pd(II)均不适合磷酸酯类底物的活化；进一步测试同族的 Ni 基催化剂时，一系列
的单齿及双齿配体催化剂中，Ni(PCy3)2Cl2 效果最佳（93%产率）。最适合的溶剂
























































Many important highly functionalized molecules in nature contain phosphate 
esters, in particular, carbohydrate residues. Introduction of a phosphate group 
significantly changes the physical and chemical properties of the parent molecule, 
resulting in changeing their polarization and intermolecular bonding characteristics. 
Within the pharmaceutical industry, phosphate esters could be used as pro-drugs. 
In this paper more than 30 phosphate esters were synthesized. These compounds 
are used as substrate for the cross-coupling and for biological activity analysis. 
The biaryl substructure is a widely occurring component of biologically active and 
functional molecules and liquid crystals. Over past decades, the mild and selective 
Suzuki-Miyaura cross-coupling of nucleophilic arylboronic acids with aryl halides has 
almost completely substituted the classical methods for biaryl synthesis and has 
become the method for laboratory and industrial applications. Compared to aryl 
halides, a key benefit to phenol- and enol-derived electrophiles is the ready accessed 
and such compounds are naturally abundant or can be readily prepared from other 
easily accessibility aromatic species.  
The reaction of 2-naphthyl phosphates with phenylboronic acid was investigated. 
Our initial experiments showed that both Pd(0) and Pd(II) complexes were ineffective 
for the coupling reaction. Hence the more reactive Ni-based catalysts were feated, 
since several studies have revealed that Ni-based complexes were able to activate the 
C-O bond. Thus, a number of Ni-based complexes have been screened. Among them, 
Ni(PCy3)2Cl2 was the most efficient one, providing product in 93% yields at 110 oC. 
Dioxane and K3PO4 were the best solvent and base, respectively, for the catalytic 
reaction. 
With the optimized conditions, the scope of this coupling reaction was examied by 
varying the aryl group in aryl phosphates. To our satisfaction, several substituted 















corresponding biaryl products in reasonable isolated yields (>88%). The coupling 
reaction of substituted phenyl phosphates with phenylboronic acid also proceeded 
smoothly, affording the corresponding biaryl products in moderate to good yields 
(59-91%). Both electron-withdrawing and -donating groups on the aryl ring of 
phosphates are compatible with the reaction. For diphosphates, double arylation was 
observed, providing the corresponding disubstituted products in one pot in good 
yields. Furthermore, the reactions of ortho-substituted phenyl phosphates proceeded 
smoothly to afford the corresponding coupling products in good to excellent yields. 
Finally, 3-pyridyl phosphate was also successfully employed in the coupling reaction 
to give 3-phenylpyridine in 91% yield. However, the 4-cyanophenyl phosphate 
derivative was aberrant. This is likely due to the cross-coupling at the cyano group or 
addition to the cyano group by phenylboronic acid, resulting in a mixture of products. 
Then the scope of arylboronic acid used for the cross-coupling reaction was 
studied. Arylboronic acids with electron-neutral, electron-rich, and electron-deficient 
substituents react with 2-naphthyl phosphate to give the expected 2-arylnaphthalenes 
in good to excellent yields. Ortho-substituted arylboronic acids appear less reactive, 
affording the coupling products in moderate yields. It is noteworthy that 
3-aminophenylboronic acid coupled successfully with 2-naphthyl phosphate to give 
product in an 82% yield without the need for a protecting group on nitrogen. In 
addition, a heteroarylboronic acid also reacted smoothly with 2-naphthyl phosphate to 
give product in 63% yield.  
To probe the scope and utility of the phosphates cross-coupling method further, 
we applied the present method to the construction of complicated organic scaffolds. 
Starting from natural product estrone, a 4-anisyl group was introduced to the 
compound through the newly developed coupling. Starting from L-tyrosine derivative, 
a 4-anisyl group was introduced via our cross-coupling method. This illustrated a 
straightforward way to modify the natural product. Finally, the difference in reactivity 
between aryl halides and phosphates has been successfully applied to the selective 
functionalization of substrates. The cross-coupling of 6-bromo-2-naphthyl phosphate 















the Ni-catalyzed cross-coupling of a phosphate moiety, furnished naphthalene 
derivative containing two different aryl groups. 
A series of alkynylphosphonates were synthesized, which will be used as 
flame-retardant additives of lithium-ion batteries electrolytes. The Diels-Alder 
reaction of alkynylphosphonates with cyclopenta-1, 3-diene gave 
alkenylphosphonates, which were extensively used in polymer science as 
copolymers, additives or flame-retardants, they has been used as a promising 
pharmacophore. 
 




















bpy 2, 2'-bipyridine 
Boc tert-Butyloxycarbonyl 




COD 1, 4-cyclooctadiene 
CRA complex reducing agent 
Cy cyclohexyl 
dba bis(dibenzylideneacetone)palladium(0) 
DIBAH diisobutylaluminum hydride 
DMPU 1, 3-dimethyl-3, 4, 5, 6-tetrahydro-2(1H)-pyrimidinone 
DMF N, N-dimethyl formamide 
DMSO dimethyl sulfoxide 
DoM directed ortho-metalation 
dppb 1, 2-bis(diethylphosphino)butane 
dppe 1, 2-bis(diethylphosphino)ethane 
dppm 1, 2-bis(diethylphosphino)methane 
dppp 1, 2-bis(diethylphosphino)propane 





IPr 1, 3-bis(2, 6-diisopropylphenyl)imidazol-2-ylidene 
IMes 1, 3-dimesitylimidazol-2-ylidene 
Ni/C nickel on charcoal 
NiCRA Ni-complex reducing agent 






















SCLCP side-chain liquid crystalline polymers 
SIPr 1, 3-bis(2, 6-diisopropylphenyl)-4, 5-dihydroimidazol-2-ylidene
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